We present first results from a deep (J = 18.7), wide-field (6.5 square degrees) infrared (ZY JHK) survey in the Upper Sco association conducted within the science verification phase of the UKIRT Infrared Deep Sky Survey Galactic Cluster Survey (GCS). Cluster members define a sequence well separated from field stars in the (Z − J,Z) colour-magnitude diagram. We have selected a total of 164 candidates with J = 10.5-18.7 mag from the (Z − J,Z) and (Y − J,Y ) diagrams. We further investigated the location of those candidates in the other colour-magnitude and colour-colour diagrams to weed out contaminants. The cross-correlation of the GCS catalogue with the 2MASS database confirms the membership of 116 photometric candidates down to 20 Jupiter masses as they lie within a 2σ circle centred on the association mean motion. The final list of cluster members contains 129 sources with masses between 0.3 and 0.007 M ⊙ . We extracted a dozen new low-mass brown dwarfs below 20 M Jup , the limit of previous surveys in the region. Finally, we have derived the mass function in Upper Sco over the 0.3-0.01 M ⊙ mass range, best fit by a single segment with a slope of index α = 0.6±0.1, in agreement with previous determination in open clusters.
INTRODUCTION
The Scorpius Centaurus is the nearest OB association, located at a distance of 145±2 pc from the Sun (de Bruijne et al. 1997; de Zeeuw et al. 1999) . The association spans 120 square degrees and is composed of 3 subgroups: Upper Scorpius, Upper Centaurus Lupus, and Lower Centaurus Crux (Blaauw 1964) . The age of the Upper Sco association is about 5 Myr with little scatter (Preibisch & Zinnecker 2002) . The region is free of extinc-⋆ Based on observations made with the United Kingdom Infrared Telescope, operated by the Joint Astronomy Centre on behalf of the U.K. Particle Physics and Astronomy Research Council. † E-mail: nl41@star.le.ac.uk tion with Av 2 mag, suggesting that star formation has already ended (Walter et al. 1994 ).
The association has been studied at multiple wavelengths over the past decade. Walter et al. (1994) identified 28 low-mass stars over 7 deg 2 in Upper Sco from an X-ray survey performed with the Einstein satellite. Preibisch et al. (1998) performed a larger scale X-ray survey of 160 square degrees with ROSAT and obtained spectroscopy for selected candidates, suggesting that 39 of them are indeed genuine members of the association. de Bruijne et al. (1997) extracted 115 additional members from trigonometric parallaxes and kinematic information available for a sample of 1215 Hipparcos stars. Preibisch et al. (2001) and Preibisch & Zinnecker (2002) published a sample of spectroscopically confirmed X-ray selected members in the range 2.0 to 0.1 M⊙ over 6 square degrees. The derived mass function (not corrected for binaries) is in agreement with the field Initial Mass Function (IMF; Scalo 1998; Kroupa 2002) . The hydrogen burning boundary was crossed with the discovery of 64 very low-mass stars and brown dwarfs with spectral types later than M5.5 by independent studies (Ardila et al. 2000; Martín et al. 2004; Slesnick et al. 2006) .
The UKIRT Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2006 ) constitutes a new generation of deep, large-scale infrared surveys. It consists of 5 components: the Large Area Survey, the Galactic Cluster Survey (hereafter GCS), the Galactic Plane Survey, the Deep Extragalactic Survey, and the Ultra-Deep Survey. The GCS will cover ∼ 1000 square degrees in 10 star forming regions and open clusters down to K = 18.4 at two epochs. The main scientific driver of the survey is to study the Initial Mass Function and its dependence with environment in the substellar regime using a uniformly selected data set of low-mass stars and brown dwarfs. Ultimately, the full coverage of the targets and the availability of two epochs for proper motion measurement will provide a complete census of very low-mass stars, brown dwarfs, and planetary mass objects.
In this paper we analyse a 6.5 square degree survey conducted in the Upper Sco association during the Science Verification phase of the UKIDSS project. In Sect. 2 we briefly present the observations, the catalogue products, and the selection of sources. In Sect. 3 we describe the photometric selection of cluster candidates in Upper Sco from various colour-magnitude diagrams and estimate proper motions for the brighter stars using 2MASS (Cutri et al. 2003) to provide first epoch positions. We also discuss possible contamination of our sample and conclude that it will be very small. In Sect. 4 we discuss the main results of the survey, including the mass function down to 10 Jupiter masses. Finally, we give our conclusions in Sect. 5.
THE UKIDSS GCS IN UPPER SCO
Eight tiles were observed with the UKIRT Wide-Field CAMera (WFCAM) in the association during the Science Verification phase on 2005 April 8-13 covering a total of 6.5 square degrees ( Fig. 1 ) in ZY JHK broadband filters (Hewett et al. 2006) ; details of the filters are given in Table  1 . The Z WFCAM filter is narrower than optical z filters while the Y filter was specifically designed to uncover the coolest brown dwarfs and furthest quasars, those being the main scientific goals of the Large Area Survey. In particular, a Y − J 1 selects L and T dwarfs. The WFCAM focal plane array includes 4 Rockwell 2048 × 2048 chips each covering a 13.6 arcmin by 13.6 arcmin field resulting in a non-contiguous 'pawprint' with a pixel scale of 0.4 arcsec. Each chip is spaced by ∼ 95% of the device size implying that four pawprints are required to obtain contiguous coverage in a tile of 0.8 square degrees (Casali et al. 2006, in preparation) .
A summary of the observations, including the 8 WF-CAM pointings, central coordinates, date of observations, weather conditions, and seeing is provided in Tables 2 and 3 . Exposure times were set to 40 seconds in all passbands, yielding 100% detection completeness limits of Z = 20.1, Figure 1 . Tile coverage from the UKIDSS GCS Science Verification in the Upper Sco association. The total area covered is 6.5 square degrees. Note the somewhat uneven tile coverage from the GCS science verification phase. Y = 19.8, J = 18.7, H = 18.1, K = 17.3 mag in the case of the science verification data in Upper Sco (Fig. 2) . We should mention that WFCAM was not quite in its final best focus mode so that those completeness limits will be improved for the upcoming releases. We refer the reader to Lawrence et al. (2006) for more details on the observing strategy of the UKIDSS project.
All observations carried out by the UKIDSS project 1 are pipeline-processed at the Cambridge Astronomical Survey Unit (CASU; Irwin et al. 2006, in preparation) 2 . The processed data are then archived in Edinburgh and released to the user community through the WFCAM Science Archive (WSA; Hambly et al. 2006, in preparation) 3 . We have selected all point sources (yjhkClass = −1 or −2) in the Upper Sco association taken during the Science Verification phase. The Class parameter refers to a morphological classification of a source in each passband where −1 is a point source, −2 is borderline stellar, 0 is noise, and +1 is nonstellar (more details can be found in the online glossary within the WFCAM Science Archive pages). We have selected sources detected in all of Y JHK with no requirement for detection in Z in order to increase our sensitivity to cooler objects. The query included the cross-correlation with 2MASS to compute their proper motion thanks to a 5 year baseline between the GCS and 2MASS observations in Upper Sco. The query returned a total of 133,476 sources fainter than Z = 11.4 and J = 10.5 mag to avoid contamination from saturated stars. The magnitudes are AperMag3 magnitudes and the colours originate from the difference of those magnitudes. Those AperMag3 magnitudes represent the flux of a point source within an aperture with a diameter of 1 arcsec. The Structured Query Language query used to select the initial sample is given in Appendix A, along with an explanation. The coverage, displayed in Fig. 1 , is about 6.5 square degrees. The resulting colour-magnitude diagram is shown in Fig. 3 and is analysed in the next section. 
NEW ASSOCIATION MEMBERS IN UPPER SCO
This section describes the selection of cluster candidates in Upper Sco based on various colour-magnitude diagrams drawn from the ZY JHK broadband filters and proper motion using 2MASS (Cutri et al. 2003 ) as a measure of first epoch positions for the brighter objects.
Colour-magnitude diagrams
The depth and coverage of the GCS observations provides ZY JHK photometry of 133,476 point sources in Upper Sco over 6.5 square degrees with Z = 11.4-21.5 mag. We have plotted in Fig. 5 four colour-magnitude diagrams to select potential cluster candidates and assess their membership. On the top panels in Fig. 5 we show the (Z − J,Z) and (Z − K,Z) diagrams whereas the (Y − J,Y ) and (J − K,J) diagrams are displayed in the lower panels. Overplotted are 5 and 10 Myr NextGen (solid lines; Baraffe et al. 1998) , DUSTY (dashed lines; Chabrier et al. 2000) , and COND (dotted lines; Baraffe et al. 2002) isochrones shifted at the distance of the association (d = 145 pc).
Selection of cluster candidates
The extraction of candidates in open clusters usually consists in selecting sources to the right of the Zero Age Main Sequence (Leggett 1992) or theoretical isochrones (Baraffe et al. 1998) shifted to the distance of the cluster. This method has been applied at optical and near-infrared wavelengths in numerous Table 3 . Summary of quality indicators for the observations, averaged over all detector frames of a given filter. These illustrate the quality of the science verification data, and are not typical of the UKIDSS surveys in general (Dye et al. 2006 , and others. The contamination by field stars along the line of sight is estimated to about 20-40 % across the hydrogen burning limit (Moraux et al. 2001; Barrado y Navascués et al. 2002) .
The sequence of members in Upper Sco is well separated from field stars in the (Z − J,Z) colour-magnitude diagram and matches well the theoretical isochrones over the 0.3-0.008 M⊙ mass range (Z = 11.5-20.5 mag). The masses indicated to the right hand side of each diagram come from the NextGen models for objects more massive than 0.05 M⊙ and DUSTY isochrones for lower masses, assuming an age of 5 Myr and a distance of 145 pc for the association (Preibisch & Zinnecker 2002 ). We have selected a total of 164 sources to the right of three segments defined by:
• (Z − J,Z) = (0.8,11.5) and (1.4,17.0) • (Z − J,Z) = (1.4,17.0) and (2.1,19.5) • All objects satisfying Z − J >2.1 and J <19.5 mag We believe that our selection is conservative as we included all cluster members and field stars lying on the blue side of the gap between the association and field sequences. This selection also allows for the line-of-sight depth of the association. Field dwarfs and background stars contaminating our sample are excluded from the original list after investigation of their location in other colour-magnitude diagrams and in the proper motion vector point diagram (see later). For example, we found 18 sources (open squares) lying clearly either on the blue side or the red side of the association sequence in the other colour-magnitude diagrams displayed in Fig. 5 and in the (Z − K,J − K) colour-colour diagram (Fig.  6 ). Consequently, 146 candidates remain probable photo- Green circles are spectroscopic members recovered in our study (Martín et al. 2004; Slesnick et al. 2006) . Overplotted are the 5 and 10 Myr NextGen (solid line; Baraffe et al. 1998) , DUSTY (dashed line; Chabrier et al. 2000) , and COND (dotted line; Baraffe et al. 2002) isochrones. The mass scale is shown on the right hand side of the diagrams and spans 0.3-0.01 M ⊙ , according to the NextGen and DUSTY models. Top left:
Note that the theoretical isochrones were specifically computed for the WFCAM set of filters (courtesy I. Baraffe and F. Allard). metric members. We further investigate their membership in Sect. 3.3 using their proper motion. We note that our study recovered 4 spectroscopic members (Table 5; We would like to emphasize that the contamination of our sample by field dwarfs or background stars is negligible. To corroborate this statement, we have extracted from the WSA all point sources towards the young open clus- ter IC4665 (50-100 Myr; 350 pc) and found 2 contaminants after applying the same photometric and proper motion selection. This result represent an upper limit on the contamination as IC4665 is at lower galactic latitude than Upper Sco (b ∼ 10
• vs. 20 • ), while the surveyed area is similar. Figure 7 shows the (Z − J,Z) colour-magnitude diagram for IC4665 with the Upper Sco members superimposed (open squares). It is immediately obvious from this diagram that the field contamination must be very low. . The (J − K,J) diagram suggests however that several of them are likely contaminants since their J − K colours are too blue. This leaves 6 sources worthy of spectroscopic follow-up after retaining sources redder than J − K = 1.2. One object (USco J160843.4−224516; J = 18.6; J − K = 2.3) would be the faintest and coolest brown dwarf found in Upper Sco if confirmed as a member. Its mass and effective temperature would be estimated as ∼7 MJup and ∼1700 K by the DUSTY models (Chabrier et al. 2000) . The mass estimate should be interpreted with caution as derived masses from high-resolution spectroscopy discrepant by a factor of 2 with model predictions for the two faintest brown dwarfs found in Upper Sco prior to our survey. Our survey reaches three magnitudes deeper than any previous study in the region and has uncovered a large number of new lowmass brown dwarfs below 0.02 M⊙.
Proper motions
To further assess the membership of the brightest (J 15.8) candidates, we have cross-correlated the 2MASS database with the GCS observations to extract proper motions. The standard pipeline astrometric reductions of WFCAM data (Irwin et al. 2006, in preparation) use the 2MASS point source catalogue to provide secondary astrometric standards. Hence, on scale lengths of the order of the WFCAM detector size (∼ 10 arcmin) all positional systematic errors are mapped out with respect to 2MASS and a straightforward difference between WFCAM and 2MASS epoch positions, divided by the epoch difference, yields relative proper motions. Proper motions derived using such a method are relative in the sense that the majority of stars in each field are moving slowly enough to be assumed to be stationary, and therefore define a zeropoint reference frame with respect to which peculiar cluster motions can be measured. Note, however, that such proper motions are in no sense absolute and are not on the inertial system defined by Hipparcos, regardless of the absolute positions being ultimately tied to the International Coordinate Reference System via the Tycho-2 catalogue reductions applied to 2MASS. Nonetheless, within the errors to which the proper motions are determined, they are comparable to absolute proper motions of high mass cluster members determined by Hipparcos since the underlying assumption of approximately zero net background stellar proper motions in these fields is valid.
The resulting vector point diagram (proper motion in right ascension versus proper motion in declination) for candidates brighter than J = 15.8 mag (corresponding to 15 MJup according to the DUSTY models) is shown in Fig. 8 . In order to assess the likely errors in the proper motions so de- rived, we examined histograms of the distribution of proper motions for all stars matched between the GCS Upper Sco observations and 2MASS. Under the assumption that these distributions are dominated by centroiding errors and not real stellar motions, we estimate that the proper motion errors are ∼ 10 mas yr −1 in either coordinate, and we plot a typical error bar in Fig. 8 , in addition to a 2σ error selection circle about the mean association proper motion of (−11,−25) mas/yr (de Bruijne et al. 1997; Preibisch et al. 1998) . Most photometric candidates lie within the selection region and those candidates have thus high probability of being members of Upper Sco. We have classified 23 photometric candidates as proper motion non-members (open diamonds in Fig. 8 ) because they lie outside the 2σ selection circle. For comparison, we have also overplotted a sample of field stars brighter than J = 15.8 mag for which proper motion is available from the GCS/2MASS cross-correlation. We have selected them in the region delineated by ra=242.0-242.5
• and declination between −23.0 and −22.5 • (small dots in Fig. 8) . Clearly, candidates can not be selected on their proper motion alone. However, proper motion does act as a useful extra criterion to the photometry.
To summarise, we have extracted a total of 129 member candidates in Upper Sco (red symbols in Fig. 8 ) from the GCS Science Verification data as follows. An initial sample of 164 candidates was selected from the Z, Z-J colourmagnitude diagram; 18 of those were rejected on tha basis of their position in other CMDs, leaving 146 sources. A further 23 sources were rejected as having proper motions inconsistent with cluster membership, leaving 123 candidates. Finally, we added on 6 Z 'drop outs' from Y, Y-J CMD selection, yielding a total of 129 candidates (but note that the faintest 13 have no proper motion measurement as they are beyond the sensitivity limit of 2MASS).
DISCUSSION

New low-mass brown dwarfs
The lowest mass brown dwarfs discovered in Upper Sco were reported by Martín et al. (2004) with spectral types of M9. The faintest of them, DENIS-P J161452−201713 has J = 15.33 mag. Our survey is 100% complete, within the area surveyed, down to J = 18.7 mag i.e. over 3 magnitudes deeper than the faintest objects currently known in the association. We detect a dozen new brown dwarf candidates with masses below 0.02 M⊙ (filled circles and open triangles in Fig. 5 ), according to the DUSTY models (Chabrier et al. 2000) . These new brown dwarfs are the lowest mass substellar objects ever found in Upper Sco. However, derived lower masses than the model predictions for two M7-M8 dwarfs reported by Ardila et al. (2000) from higher resolution optical spectra, suggesting that we may be probing lower masses than these theoretical predictions indicate. Effective temperatures predicted by atmospheric models suggest that the lowest mass objects will be young L dwarfs. We plan to obtain optical and near-infrared spectroscopy to investigate the effect of gravity on the absorption bands and atomic features present in L dwarfs (McGovern et al. 2004) .
We possibly detect the M7/M8 gap around 0.03 M⊙ due to the formation of large dust grains at low temperature . This gap is consistent with the spectral types derived for the four members recovered by our study (green circles in Fig. 5 ; see also Sect. 4.2). Finally, there is a hint of a second gap below 0.015 M⊙ which might represent the M/L transition. Statistics on those gaps will improve after full coverage of the association and we plan to investigate those effects in later papers exploiting the UKIDSS Galactic Clusters Survey.
Binaries
Our sample of candidates in Upper Sco includes four objects previously reported in the literature (green filled circles in Fig. 5 ). Three of them, DENIS-P J160958−234518, DENIS-P J161030−231516, and DENIS-P J161006−212744 were classified as M6.5, M7.5, and M7.5, respectively (Martín et al. 2004 ). The latter, however, was rejected as a member on the basis of the equivalent width of the NaI doublet (7.6Å). This object could be a field dwarf contaminant although it fits well the sequence of members in all colour-magnitude diagrams as well as in the proper motion vector point diagram. Radial velocity is required to further clarify the status of this object. The fourth object recovered, SCH161247−233841, was classified as a M6 member by Slesnick et al. (2006) who measured an Hα equivalent width of −14.7Å. We note that DENIS J160958−234518 lies clearly above the cluster sequence in the (Z − J,Z) colour-magnitude diagram and was announced as a close binary system at a separation of 0.08 arcsec by Bouy et al. (2006) . Other red objects lying above the sequence in the (Z − J,Z) colourmagnitude diagram and redder in the (J −K,J) diagram are good multiple system candidates. The study of the binary frequency across the magnitude range probed by our survey would shed light on the the possible population of wide lowmass binaries in Upper Sco recently claimed by Bouy et al. (2006) .
Visual inspection of the images revealed two close systems, USco J161520.1−233355 and USco J161336.9−232730 separated by 5.08 and 7.92 arcsec, respectively. Unfortunately our proper motion accuracy is not sufficient to make any firm statement as to the physical association of either of these potential wide binaries, but if confirmed as physical binary members of Upper Sco, either system would be a wide low-mass (∼0.2 M⊙) binary with a separation of ∼1000 AU. Other wide low-mass binaries have recently been reported by Bouy et al. (2006) and Luhman (2005) . This type of binary is important to studies investigating the formation of low-mass stars and brown dwarfs in open clusters as well as their evolution with time.
The IMF in Upper Sco
We considered the 129 candidates selected in the 6.5 square degree area surveyed in Upper Sco to derive the mass function. We have transformed the J magnitudes into masses using the NextGen models for masses above 0.05 M⊙ and DUSTY isochrones below (Baraffe et al. 1998; Chabrier et al. 2000) . The number of candidates per unit of mass (dN/dM) was obtained by dividing the number of (Martín et al. 1998; Tej et al. 2002; Moraux et al. 2003) , α Per (Barrado y Navascués et al. 2002) , σ Orionis (Béjar et al. 2001) , and the Trapezium Cluster (Muench et al. 2002; Slesnick et al. 2004). objects in each magnitude bin (dN) by the difference of the upper and lower limits of the bin in mass (M2-M1). We have derived the IMF, expressed as the mass spectrum (dN/dM∝M α ), using 3 approaches (we did not correct for binaries):
(i) We counted the number of objects per mass bin starting at 5-10 Jupiter masses and increased it two-fold every time (open triangles in Fig. 9 ).
(ii) We summed the number of candidates per 1.5 magnitude bin from J = 11.5 mag (open squares in Fig. 9 ).
(iii) We made a "smoothed" mass function by counting the number of candidates per magnitude bin by steps of 0.5 magnitudes, starting at J = 10.5-11.5 mag (filled circles in Fig. 9 ).
The higher mass bin is likely incomplete due to our saturation limit occuring at J = 10.5 mag, corresponding to M = 0.48 M⊙. Similarly, the lower mass bins below 0.01 M⊙ represent lower limits because our survey is limited by the Y completeness (Y = 19.8 mag or M ∼ 0.01 M⊙). The best fit of the mass spectrum in Upper Sco is obtained for a single segment of power law index α = 0.6±0.1 over the 0.3-0.01 M⊙ mass range. The mass function is approximately linear across the entire mass spectrum probed by our study (Fig. 9 ) and in agreement with esti-mated IMF for the Pleiades (α = 0.6-1.0; Martín et al. 1998; Tej et al. 2002; Moraux et al. 2003 (Moraux et al. 2001) . We expect our sample of candidates to be less affected by contaminants as very few sources were detected to the right of our selection criteria in a control field towards the open cluster IC4665. Indeed, the gap between the association sequence and field stars is large, particularly at fainter magnitudes. Spectroscopic follow-up will nevertheless be required to verify the low level of contaminantion in order to check our mass function in the lowmass and substellar regimes.
Finally, we compare the mass functions of Upper Sco and the Trapezium Cluster in Fig. 9 . Muench et al. (2002) modelled the IMF from a near-infrared survey of the Orion region. More recently, Slesnick et al. (2004) obtained optical and infrared spectra of candidates in the inner region of the Trapezium Cluster, yielding mass and extinction for each individual source. The Trapezium Cluster appears to have a break at about 0.1 M⊙, suggesting a lower number of brown dwarfs compared to low-mass stars in contrast to our survey in Upper Sco. If real, this effect could be explained by the continuous formation of brown dwarfs with time up to 5 Myr and perhaps beyond. There is no evidence for this hypothesis in theoretical simulations (Bate & Bonnell 2005; Jappsen et al. 2005) . Photo-evaporation of low-mass stars could be playing some role in the Trapezium Cluster although very unlikely (Kroupa & Bouvier 2003) . The inner region of the Trapezium Cluster might also have suffered from dynamical ejection of the lowest mass members due to the O stars. The reason for the discrepancy in the mass functions remains unclear but it is too early to claim any difference due to the uncertainties in the pre-main sequence tracks at such early ages (Baraffe et al. 2002) .
CONCLUSIONS
We have presented a deep near-infrared survey in the Upper Sco association conducted during the Science Verification phase of the UKIDSS Galactic Cluster Survey. The survey is complete down to Z = 20.1 mag, corresponding to 0.01 M⊙, and is 3 magnitudes deeper than any previous study in the region. We have confirmed the photometric membership of 129 candidates in the 0.3-0.007 M⊙ mass range. Among them, 116 have proper motion consistent with the mean motion of the association. We have discovered a dozen new brown dwarf candidates below 15 Jupiter masses, according to theoretical isochrones at 5 Myr. Finally, we have derived the mass spectrum across the stellar/substellar regime, yielding a power law with a slope α of 0.6±0.1, consistent with previous studies in open clusters.
We have demonstrated the power of the UKIDSS Galactic Cluster Survey to select genuine cluster members in a young open cluster from the photometry in 5 passbands as well as the proper motion by using 2MASS as first epoch. This result is extremely promising for the remaining open clusters and star-forming regions targeted by the GCS, including the Pleiades and α Per. The second epoch conducted in the K band within the framework of the GCS will provide complete samples of very low-mass stars and brown dwarfs over the entire cluster with photometric and proper motion membership.
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SELECT /*
Attribute selection: */ g.ra, g.dec, zaperMag3-yaperMag3 AS zmy, zaperMag3-japerMag3 AS zmj, zaperMag3-k_1aperMag3 AS zmk, yaperMag3-japerMag3 AS ymj, japerMag3-haperMag3 AS jmh, haperMag3-k_1aperMag3 AS hmk, japerMag3-k_1aperMag3 AS jmk, zaperMag3, yaperMag3, japerMag3, haperMag3, k_1aperMag3, zaperMag3Err, yaperMag3Err, japerMag3Err, haperMag3Err, k_1aperMag3Err FROM /* Table( In order to get proper motion information, substitute the following for the FROM clause above:
gcsMergeLog AS l, Multiframe AS mj, ( SELECT t.ra AS ra, t.dec AS dec, x.slaveObjID AS slaveObjID, x.masterObjID as masterObjID, t.j_m, t.h_m, t.k_m, t.jdate FROM gcsSourceXtwomass_psc as x, TWOMASS..twomass_psc as t WHERE x.slaveObjID=t.pts_key AND distanceMins IN ( SELECT MIN(distanceMins) FROM gcsSourceXtwomass_psc WHERE masterObjID=x.masterObjID ) ) AS T2 RIGHT OUTER JOIN gcsSource AS g ON (g.sourceID=T2.masterObjID) along with the following additional WHERE predicates: AND g.frameSetID=l.frameSetID AND l.jmfID=mj.multiframeID and the following two additional SELECTions to obtain relative proper motions with respect to 2MASS in units of milliarcsec yr −1 :
3.6e6*COS(RADIANS(g.dec))*(g.ra-T2.ra)/((mj.mjdObs -T2.jdate+2400000.5)/365.25) AS pmRA, 3.6e6*(g.dec-T2.dec)/((mj.mjdObs -T2.jdate+2400000.5)/365.25) AS pmDEC Figure A1 . Structured Query Language (SQL) query used on the WFCAM Science Archive database UKIDSSR2 to select the GCS Upper Sco sample discussed in the paper. The query returns 133,476 rows of data. 
